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CH2.l1 Hill, Inc. 
Laredo ASR; TW-2A 

Project # 118069 Core C-3 

MACROSCOPIC CORE DESCRIPTION 

CH2M Hill, Inc. 
Laredo ASR; TW-2A; Project No.: 118069 

Core No.: C-3; 330.0 :"330,95jt -

Mineralogy, Inc. Job No.: 97-288-02 

A light gray, very fine-grained, very well sorted, weakly consolidated, friable, ripple-bedded to low angle 
cross-bedded, silty, porous and permeable sublitharenitic sandstone. The interval between 330.0 - 330.45 
ft. is characterized by a predominance ripple-bedded lamina alternating with low angle cross bed sets (5-
10 degrees). The ripple troughs are locally highlighted by very thin, tlaser-like lenses of detrital clay 
matrix. This sub-interval is underlain (330.45 - 330.95 ft.) by subtly higher energy, low angle cross 
bedded sandstone (5 - 10 degrees), which is characterized by a lower density of detrital matrix lenses 
capping the individual cross bed sets. As within core C-2, this interval is glauconitic and slightly 
calcareous to dolomitic. The common presence of the interbedded clay matrix lenses (especially within 
the uppermost one-third of this core, will reduce the vertical permeability of this sandstone interval. The 
principal stabilizing force within this weakly consolidated and friable sandstone appears to be 
pseudomatrix derived from mechanically deformed glauconite pellets coupled with minor quartz 
overgrowth cement. Intergranular porosity appears to be slightly more abundant within the lower, cross­
bedded sandstone (330.45 - 330.95 ft.), with voids well interconnected. 



PETROGRAPHICANALYS~ 
CLIENT: CH2M Hill, Inc. 
PROJECT IDENTIFICATION I WELL: LarcdoASR- TW-2A; #118069 
CORE NO.1 DEPTH (ft.): #C-3 I 330. 65ft. 

MINERALOGY, INC. JOB NO: 97-288-02 

LITHOLOGY: Porous, Glauconitk, 81lblitluzrenitic Sandstone 

CLASTIC TEXTURE (mm): Mean = 0.09 Max = 0.34 

PORE DIAMETER (mm): Mean = 0.025 

HELIUM POROSITY: 321% AIR PERMEABILITY (Hom): 631 md. 
FABRIC I TEXTURE: This core sample is comprised ofvery:fine..graiDed, very Well sorted, slightly 
calcaIeous and glauconite-rich, sublitharenitic sandstone The 13bric: oontains a few leoscs and lamina of 
detrital-clay-rich sand, oriented panlle1 to the bedding plaDe of the sandstone. The lamina lack continuity 
across the thin section, and tdlect episodes of depositional quiescence which were chaIac:terized by the 
patchy amnnnlatiODlinfiltration of suspended serljrnent within the sandstone fabriC. The detrital clay-rich 
leoscs have contributed to a sharp drop in the vertical permeability (207 mci), re1ative to the horizontal 
permeability (631 mci) for this interval. The depositional fabric is mildly compacted and displays 
common point-to-point and elongated intergranular contacts, with lenses of detrital clay and ductile grains 
locally defonned due to TTIl':C:hanjcal compaction. Pseudomatrix is locally present due to the compression 
and injection of clay derived from glauconite pellets and matrix-rich SRF' 5 into the adjoining pore spaces. 
The sandstone fabric is porous (32.1%) and displays a well interconnected intergranular pore network. 
The sandstone is best descn"bed as very weakly consolidated and friable. 
FRAMEWORK COMPONENTS: Detrital grain types included within this core sample are listed 
belOw, in order of decreasing relative abundance: 

QlIartr. Monoc:rysta1line quartz and minor polycrysta1line quartz varieties. 
Glmu:onite; Locally ddormed due to compaction - c:omprised oflight to daIk green- colored, 
microcrystalline clay matrix minerals (chiefly mixed-layer illite/smectite, illite and 
chlorite). 
Sedimentmy Rock Fragments (SRFs); Shale and mudstone clasts - typically laminated 
and locally silty 
Feldsptu; Plagioclase + k-feldspar locally leached and replaced with clay matrix with co=on 
intragranular dissolution porosity. 
Volcanic Rock Fragments (VRF's); Extensively matrix-replaced 
Chert 

Muscovite and biotite mica, amphibole (basaltic hornblende), metamorphic RF's, magnetite, 
ilmenitellcucoxene and epidote arc present as accessory constituents. 
MATRIX I CEMENTS: Traces of carbonate =em arc locally scattered within the pore network as 
patches of finely crystalline dolomite, siderite and fenoan dolomite. Traces of quartZ overgrowth cement 
are present on scattered quartZ grains as weakly developed syntaxial rims and nodules. Iron oxide cement 
and pyrite arc present as accessory =em varieties which arc locally concentrated within the matrix-rich 
lamina of the sandstone. Clay is present throughout the framework as a primary constituent within the 
glauconite pellets and SRF's, as scattered patches of microporous pore-filling matrix (mostly 
pseudomatrix derived from squashed glauconite) and as grain-coating matrix which is locally 
concentrated within the intergranular pore throats. Lenticular concentrations of detrital clay arc 
concentrated along discontinuous, bedding plane lamina. The clay mineralogy is dominated by mLxed­
layer illite/smectite and chlorite, together with minor amounts of illite and kaolinite. 

PORE SYSTEM: The intergranular pore network is very well presetVed and interconnected, given 
the paucity of intergranular cements and pore-tilling clays. Vertical permeability is somewhat 
compromised due to the detrital clay lenses. Secondary voids are present owing to the partia1 to complete 
dissolution of feldspar grains and metastable RF's. Microporosity is present in association with the 
matrix-rich glauconite pellets and the scattered patches of pore-filling pseudomatrix. 
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FlgUre A. A low magnification view of this very fine-grained, porous and glauconitic sublitharenitic 
sandstone. Note the discontinuous laminae of matrix-rich sand along the upper margin of this 
photomicrograph. The matrix contained in this laminae is a combination of infiltrated detrital clay, 
pelletal grains and matrix-rich SRF's and pseudomatrix. 16X uncrossed nicols 1.25"=2.0= 

CH2M IFUl, Inc.,' Laredo ASR,' TW-2A; Project # 118069; Core C-3; 330.65 ft 
M'ureralogy, Inc. Job # 97-288-02 

Figure B. A detailed view of a rather typical, wispy lens of matrix-rich sand, in which the clay has 
effectively obstructed fluid co=unication. Note the deformed glauconite pellets (right-center). Much of 
the clay present within this lens is interpreted as pseudomatrix derived from squashed glauconite pellets 
and mudstone SRF's. 100X uncrossed nicols 1"=O.25mm 



SCANNING ELECTRON MICROSCOPY 

CH2M KUI, Inc. 
Laredo ASR; TW-2A; Project No.: 118069 

Core No.: C-3; 330.65 ft. 

Minenlogy, Inc. Job No.: 97-288-01 

A&B 

This sample is comprised of porous and permeable, very fine-grained, very wdl sorted, subljtbarenitic 
sandstone. Note the well interconnected voids distributed throughout Figure A, and the localized presence 
of pore-filling clay matrix (e.g., center), and weakly developed quartz overgrowths (e.g., extreme lower­
left). Note the large irregular-shaped grain near the center of Figure A - representing a mattix-rich lithic 
fragment (possibly multiple glauconite pellets and/or mudstone clasts). Figure B provides a detailed view 
of the mattix concentrated in the pore throat present on the lower margin of this grain cluster. The matrix 
is comprised of mixed-layer illite/smectite together with traces ofvermicnlar (authigenic) kaolinite (top­
center, Figure B). 

C&D 

The cluster of pore-filling mattix at the center of Figure C represents pseudomattix derived from a 
quashed glauconite pellet Note the lamjnated, clay-rich lithic fragment (shale) in the upper-right 
quadrant of Figure C and the aggressively leached feldspar (1) grain in the lower-right comer of this 
photomicrograph. Figure D provides a delailed view of the microc:rystalline clay within the glauconitic 
pscudomattix visible at the center of Figure C. The clay is comprised of mixed-layer illitclsmectite and 
chlorite. Note the abundance of intcraystalline microporosity associated with this cluster of matrix 
material. 
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CH2M Hill, Inc.; Laredo ASR; TW-2A; Proj. #118069; Core # C-3 - 330.65 ft.; Mineralogy, Inc. # 97-288-02 
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Mineralogy 
Incorporated 
3228 E. 15th Street 
Tulsa. Okla. 74104 

Mesh Phi Inches 
Count Value 

18 0 0.0394 
20 0.25 0.0331 
25 0.50 0.0278 
30 0.75 0.0234 
35 1.00 0.0197 
40 1.25 0.0165 
45 1.50 0.0139 
50 1.75 0.0117 
60 2.00 0.0098 
70 2.25 0.0083 

·80 2.50 0.0070 
100 2.75 0.0059 
120 3.00 0.0049 
140 3.25 0.0041 
170 3.50 0.0035 
200 3.75 0.0029 
230 4.00 0.0025 
270 4.25 0.0021 
325 4.50 0.0017 
400 4.75 0.0015 
450 5.00 0.0012 
500 5.25 0.0010 
635 5.50 0.0009 

5.75 0.0007 
6.00 0.0006 
6.25 0.0005 
6.50 0.0004 
6.75 0.0004 
7.00 0.0003 
7.25 0.0003 
7.50 0.0002 
7.75 0.0002 
8.00 0.0002 
8.25 0.0001 
8.50 0.0001 
8.75 0.0001 
9.00 0.0001 
9.25 0.0001 
9.50 0.0001 
9.75 0.0000 

10.00 0.0000 
10.25 0.0000 
10.50 0.0000 
10.75 0.0000 
11.00 0.0000 
11.25 0.0000 

14.9 0.0000 

Particle Size Analysis 
CH2M Hill, Inc. 
Laredo ASR; TW-2A; Project No.: 118069 - Core C-3; 330.65 ft. 
Mineralogy, Inc. Job # 97-288-02 

Millimeter Microns Inc. Cum.% Cum.% 
Larger Smaller 

Percent 
Percent 

1.0000 1000 0.00 
0.8410 841 0.00 
0.7070 707 0.00 
0.5950 595 0.00 
0.5000 500 0.00 
0.4200 420 0.00 
0.3540 354 0 
0.2970 297 0.10 
0.2500 250 0.40 
0.2100 210 1.40 
0.1nO 177 3.30 
0.1490 149 6.20 
0.1250 125 . 9.50 
0.1050 105 12.40 
0.0880 88 13.90 
0.0740 74 13.30 
0.0630 63 11.30 
0.0530 53 8.30 
0.0440 44 5.20 
0.0370 37 2.90 
0.0310 31 1.60 
0.0260 26 0.90 
0.0220 22 0.60 
0.0190 19 0.60 
0.0160 16 0.50 
0.0130 13 0.50 
0.0110 11 0.50 
0.0093 9.3 0.50 
0.0078 7.8 0.50 
0.0065 6.5 0.50 
0.0055 5.5 0.50 
0.0046 4.6 0.40 
0.0039 3.9 0.40 
0.0033 3.3 0.40 
0.0028 2.8 0.30 
0.0023 2.3 0.30 
0.0019 1.9 0.30 
0.0016 1.6 0.30 
0.0014 1.4 0.30 
0.0012 1.2 0.30 
0.0010 1 0.30 
0.0008 0.8 0.30 
0.0007 0.7 0.30 
0.0006 0.6 0.20 
0.0005 0.5 0.20 
0.0004 0.4 0.20 
0.0000 0.01 0.00 

Than Than 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.10 99.90 
0.50 99.50 
1.90 98.10 
5.20 94.80 

11.40 88.60 
20.90 79.10 
33.30 88.70 
47.20 52.80 
60.50 39.50 
71.80 28.20 
80.10 19.90 
85.30 14.70 
88.20 11.80 
89.80 1020 
90.70 9.30 
91.30 8.70 
91.90 8.10 
92.40 7.60 
92.90 7.10 
93.40 6.60 
93.90 6.10 
94.40 5.60 
94.90 5.10 
95.40 4.60 
95.80 420 
96.20 3.80 
96.60 3.40 
96.90 3.10 
9720 2.80 
97.50 2.50 
97.80 2.20 
98.10 1.90 
98.40 1.60 
98.70 1.30 
99.00 1.00 
99.30 0.70 
99.50 0.50 
99.70 0.30 
99.90 0.10 
99.90 0.10 

Larger 
Than 

5 
10 
16 
25 
50 
75 
84 
90 
95 

Median 
Value 
Primary 
Mode 
Secondary 
Mode 

Mean 
Sorting 
Skewness 
Kurtosis 

Phi microns mm inches 

2.48 178.6 0.1788 0.00703 
2.69 154.6 0.1546 0.00609 
2.87 136.7 0.1387 0.00538 
3.08 118.0 0.1180 0.00485 
3.55 85.2 0.0852 0.00336 
4.10 58.5 0.0585 0.00230 
4.44 46.2 0.0462 0.00182 
5.06 30.1 0.0301 0.00118 
7.30 6.3 0.0063 0.00025 

Phi microns mm inches 

3.55 85.22 0.08522 0.00336 

Trask Values Folk. Values. 
Phi mm Phi mm 

0.0848 3.620 0.08 
0.396 0.4928 

0.4999 0.343 0.8 
0.1327 1.947 0.2092 

Moment Values (mm) 
Mean (First Moment) 0.0684 
Std. Oev.(Second Moment 0.6113 

Sand Contents 
% Coarse 
% Medium 
% Fine 
% Very Fine 
% Total Sand 

Silt Contents 
% Coarse 
% Medium 
% Fine 
% Very Fine 
% Total Silt 

I Clay Content 
% Clay 

0.00 
0.50 

20.40 
SO.9O 
71.80 

18.00 
2.60 
2.00 
1.80 

24.40 

3.aol 



C-3; 330.65 ft.; 97-288-02 
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CH2M HILL, INC. 
LAREDO ASR; WELL TW-2A 

PROJECT # 118069 

CORE NO. C-7; 400.65 - 401.9 ft. 

MACROSCOPIC CORE DESCRIP170N, 
THIN SECTION PETROGRAPHY, 

SCANNING ELECTRON MICROSCOPY 
and 

LASER PARTICLE SIZE ANALYSIS RESULTS 



MACROSCOPIC CORE DESCRIPTION 

CH2M Hill, Inc. 
LaredoASR; TW-2A; Project No.: 118069 

Core No.: C-7; 400.65 - 401.9 ft 

Mineralogy, Inc. Job No.: 97-28~3 

A light gray, very fine..grained, very well sorted, weakly consolidated, friable, low angle cross-bedded to 
massive, porous and permeable sublitharenitic sandstone. The interval between ~00.9 - 401.25 ft. is 
massively bedded and contains localized lobes of detrital matrix which appear to represent in-filled 
burrow molds. The balance of the core interval is characterized by low angle cross bed sets (5-10 degrees) 
with subtle traces of infiltrated detrital matrix situated near the tops of the cross bed sets. The sandstone 
framework is quartz-rich and contains scattered glauconite pellets and woody plant fragments which have 
been locally replaced with pyrite. Traces of dolomite cement are present as an intergranular pore-filling 
component. The sandstone is porous and permeable as evidenced by the rapid absorption of water on the 
core surface. 



PETROGRAPmC ANALYSIS 
CLIENT I PROJECT IDENTIFlCATION: CH2M Hill, Inc-I Laredo ASR -TW-~ #118069 
CORE NO.1 DEPTH (ft.): #C-7 / 401.3 ft 
MINERALOGY, INC. JOB NO: 97-288-03 

LITHOLOGY: Porous, Glauconitic, SIIblitIuIrmiti Sandstone 

CLASTIC TEXTURE (mm): Mean = 0.105 Max = 0.47 

PORE DIAMETER (mm): Mean = 0.030 

HELIUM POROSITY: 30.4% AIR PERMEABD..ITY (Horlr..): 809 nuL 
FABRIC I TEXTURE: This core sample is comprised of very fiDe..gIaiDed. very well sorted, slightly 
dolomitic and glaucoDite-rich, sublithaIenitic sandstone The 1IIbdc contains a few scattered lobes aDd 
lenses of organic-matter and detrital clay-rich sand, suggestiw of bioolxbation. The surrounding 
sandstone framework is mildly compacted and contains a prec!omin8D!'.l'l of point-to-point and elongated 
intergranular contacts. with lenses of detrital clay and ductile graiDs locally ddbrmed due to mechanical 
compaction. as within the previously desaibed sandstones from this aquifer, scattered patches of 
pseudomatrix are locally present owing to the compaction and subsequeD1 injection of clay (derived from 
glauconite pellets and matrix-rich SRF's) into the adjoining pole spaces. The sandstone fabric is weakly 
consolidated, friable, porous (30.4%) and permeable (Kh=809md.) and displays a well interconnected 
intergrannlar pore network. 
FRAMEWORK COMPONENTS: Detrital grain types included within this core sample are listed 
below, in order of deaeasing relative abundance: 

Quart:; MooocIystaIline quartz and minor polycrysta11ine quartZ varieties. 
Glmu:oniU; Locally deformed due to compaction - comprised of light to dark greeIl-allored, 
microc:rystalline clay matrix mineIals (chiefly mixed-layer il1ite/smectite, illite and chlorite). 
Sdimentary Rock Fragments (SRI's); Shale and nmdstnne clasts - typically laminated 
and locally silty 
Feldspar; Plagioclase + k-feldspar locally leached and replaced with clay matri."( with common 
intragranular dissolution porosity. 
Voktmic RocJc Fragments (VRF's); Extensively matrix-replaced, feldspar-rich grains 
Woody Plant Fragments; Extensively replaced with pyrite and preferentially associated with the 
lobes of matrix-rich sand. 
Chert 

Muscovite and biotite mica. amphibole (basaltic hornblende), metamorphic RF's, magnetite and epidote 
are present as accessory constituents. 
MATRIX I CEMENTS: Traces of carbonate cement are locally scattered within the pore network as 
patches of finely crysta.lline dolomite and ferroan dolomite. The dolomite displays very faint traces of 
alizarin-red stain, confirming the origin of the dolomite as a replacement for precursor calcite. Pyrite is a 
minor replacement variety associated with the woody plant debris. Traces of quartz overgrowth cement 
are present on scattered quartz grains as weakly developed syn1lIXial rims and nodules. Clay is present 
throughout the framework as a primary constituent within the glauconite pellets and SRF's, as scattered 
patches of microporous pore-tilling matri."( (mostly pseudomatrix derived from squashed glauconite) and 
as irregularly distributed grain-coating matrix which is locally CODCelltrated within the intergranular pore 
throats. Lenticular and lobe-shaped concentrations of detrital clay are irregularly distributed as a pore­
filling constituent - probably derived as infiltrated clay associated with bioturbation. The clay mineralogy 
is dominated by mL"(ed-layer illite/smectite and chlorite, with minor illite and kaolinite. 

PORE SYSTEM: The intergranular pore network is very well preserved and interconnected, with 
macropore types including intergranular (primary) and secondary (intragranular & grain-moldic) voids. 
Secondary voids are present owing to the partial to complete dissolution of feldspar grains and metastable 
RF' 5. Microporosity is present in association with the matrix-rich glauconite pellets and the scattered 
patches of pore-filling pseudomatrix. 

L 



SCANNING ELECI'RON MICROSCOPY 

CH2M FUl, Inc. 
Laredo ASR; TW-2A; Project No.: 118069 

Core No.: C-7; 401.3 ft. 

MiDeraiogy, Inc. Job No.: 97-~3 

A&B 

This sample is comprised of porous and permeable, very fine-grained, very well sorted, glauconitic, 
sublitharenitic sandstone. Figure A provides a typical, low magnification view of the sandstone 
framework. illustrating the well interconnected character of the pore network within this core interval. 
Figure B provides a detailed view of the leached detrital grain visible at the center of Figure A. This grain 
is tentatively identified as a leached volcanic RF which is marginally encrusted with a lacy network of 
microcrystalline iron oxide cement. The interior of this grain appears to be replaced with chlorite-rich 
matrix material. 

C&D 

Figure C provides a general view of this sandstone illustrating a leached rock fragment with intragranular 
. dissolution porosity (top-ceIlter), a pore-tilling concentration of dolomite cement (upper-left) and weakly 
developed rims of quartz overgrowth cement (e.g., lower-right and right-center). Figure D provides a 
close-up image of the pore throat situated to the lower-left of the leached grain noted in Figure C. The 
matrix cluster occupying this pore throat (top-«nter; Figure D) is comprised of a combination of mixed­
layer illite/smectite and chlorite. Note the grain-coating chlorite matri.'( visible on the grain SUIface 
adjoining this pore (e.g., left-ccnter). 



Figure A. This sandstone is described as a glauconitic, porous, sublitharenitic sandstone which displays 
lobe-shaped con=ttations of infilttated detrital clay (e.g., center). The black colored particles and 
mechanically deformed lenses are interpreted as organic matter which has been partially replaced with 
pyrite cement. The shape of the matrix-rich sandstone lobes is suggestive of in-filled burrow molds. 
16X uncrossed nicols 1.25"=2.0= 

CH1M Jrzll. Inc.; Laredo ASR; TW-1A; Project # 118069; Core C-7; 401.3.ft. 
Mineralogy, Inc. Job # 97-188-03 

Figure B. As within the previously descn'bed sandstones from this aquifer, much of the clay matrix 
present in this core sample occurs as inttagranular matrix within glauconite pellets (e. g., green; lower­
right and top-center) and matrix-rich SRF's. Note the microporous authigenic clay encrusting the leached 
feldspar grain and choking the pore throat in the center of this photomicrograph. lOOX uncrossed nieols 
1"=O.25mm 



CH2M Hill, Inc.; Laredo ASR; TW-2A; Proj. #118069; Core # C-7 - 401.3 ft.; Mineralogy, Inc. # 97-288-03 

B. 

c. D. 



Mineralogy 
Incorporated 
3228 E. 15th Street 
Tulsa. Okla. 74104 

Mesh Phi Inches 
Count Value 

18 0 0.0394 
20 0.25 0.0331 
25 0.50 0.0278 
30 0.75 0.0234 
35 1.00 0.0197 
40 1.25 0.0165 
45 1.50 0.0139 
50 1.75 0.0117 
60 2.00 0.0098 
70 2.25 0.0083 
80 2.50 0.0070 

100 2.75 0.0059 
120 3.00 0.0049 
140 3.25 0.0041 
170 3.50 0.0035 
200 3.75 0.0029 
230 4.00 0.0025 
270 4.25 0.0021 
325 4.50 0.0017 
400 4.75 0.0015 
450 5.00 0.0012 
500 5.25 0.0010 
635 5.50 0.0009 

5.75 0.0007 
6.00 0.0006 
6.25 0.0005 
6.50 0.0004 
6.75 0.0004 
7.00 0.0003 
7.25 0.0003 
7.50 0.0002 
7.75 0.0002 
8.00 0.0002 
8.25 0.0001 
8.50 0.0001 
8.75 0.0001 
9.00 0.0001 
9.25 0.0001 
9.50 0.0001 
9.75 0.0000 

10.00 0.0000 
10.25 0.0000 
10.50 0.0000 
10.75 0.0000 
11.00 0.0000 
11.25 0.0000 

14.9 0.0000 

Millimeter Microns 

1.0000 1000 
0.8410 841 
0.7070 707 
0.5950 595 
0.5000 500 
0.4200 420 
0.3540 354 
0.2970 297 
0.2500 250 
0.2100 210 
0.1770 177 
0.1490 149 
0.1250 125 
0.1050 105 
0.0880 88 
0.0740 74 
0.0630 63 
0.0530 53 
0.0440 44 
0.0370 37 
0.0310 31 
0.0260 26 
0.0220 22 
0.0190 19 
0.0160 16 
0.0130 13 
0.0110 11 
0.0093 9.3 
0.0078 7.8 
0.0065 6.5 
0.0055 5.5 
0.0046 4.6 
0.0039 3.9 
0.0033 3.3 
0.0028 2.8 
0.0023 2.3 
0.0019 1.9 
0.0016 1.6 
0.0014 1.4 
0.0012 1.2 
0.0010 1 
0.0008 0.8 
0.0007 0.7 
0.0006 0.6 
0.0005 0.5 
0.0004 0.4 
0.0000 0.01 

Particle Size Analysis 
CH2M Hill, Inc. 
Laredo ASR; lW-2A; Project No.: 118069 - Core C-7; 401.3 ft. 
Mineralogy, Inc. Job # 97-288-03 

Inc. 
Percent 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0 
0.40 
1.40 
3.40 
6.50 
9.90 

12.90 
14.20 
13.70 
11.20 
8.10 
4.90 
2.70 
1.40 
0.90 
0.60 
0.50 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.20 
0.20 
0.20 
0.00 

Cum.% Cum.% 
Larger Smaller 
Than Than 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0;00 100.00 
0.00 100.00 
0.40 99.60 
1.80 98.20 
5.20 94.80 

11.70 88.30 
21.60 78.40 
34.50 65.50 
48.70 51.30 
62.40 37.60 
73.60 26.40 
81.70 18.30 
86.60 13.40 
89.30 10.70 
90.70 9.30 
91.60 8.40 
92.20 7.80 
92.70 7.30 
93.10 6.90 
93.50 6.50 
93.90 6.10 
94.30 5.70 
94.70 5.30 
95.10 4.90 
95.50 4.50 
95.90 4.10 
96.30 3.70 
96.60 3.40 
96.90 3.10 
97.20 2.80 
97.50 2.50 
97.80 2.20 
98.10 1.90 
98.40 1.60 
98.70 1.30 
99.00 1.00 
99.30 0.70 
99.60 0.40 
99.80 0.20 

100.00 -0.00 
100.20 -0.20 
100.20 -0.20 

Percent 
Larger 
Than 

5 
10 
16 
25 
50 
75 
84 
90 
95 

Median 
Value 
Primary 
Mode 
Secondary 
Mode 

Mean 
Sorting 
Skewness 
Kurtosis 

Phi microns mm inches 

2.24 212.4 0.2124 0.00836 
2.43 185.0 0.1850 0.00728 
2.61 164.0 0.1640 0.00646 
2.82 142.0 0.1420 0.00559 
3.27 103.4 0.1034 0.00407 
3.79 72.1 0.0721 0.00284 
4.12 57.6 0.0576 0.00227 
4.62 40.5 0.0405 0.00160 
6.94 8.2 0.0082 0.00032 

Phi microns mm inches 

3.27 103.40 0.1034 0.00407 

Trask Values Folk Values 
Phi mm Phi mm 

0.1031 3.333 0.10 
0.3992 0.4972 
0.5001 0.338 0.8 
0.1494 1.972 0.199 

Moment Values (mm) 
Mean (First Moment) 0.0832 
Std. Oev. (Second Moment 0.6119 

Sand Contents 
% Coarse 0.00 
% Medium 1.80 
% Fine 32.70 
% Very Fine 47.20 
% Total Sand 81.70 

Silt Contents 
% Coarse 9.90 
% Medium 1.90 
% Fine 1.60 
% Very Fine 1.50 
% Total Silt 14.90 

I Clay Content 
% Clay 3.401 

-l 
F 
t 

,. 

, 



-f-J 

c 
<l.) 
u 
s..... 
<l.) 
(L 

<l.) 

> .-
-f-J 

en -:::J 
E 
:::J 
0 

---------------------------------------------------------------------, 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 

0 

C-7; 401.3 ft.; 97-288-03 

Cumulative % Greater Than vs Size 

-III I~ .• _"'.... __ ...... .:~ , -" ~,- - I~'" 
II 
1\ 

[\ 
. ~ 

,\. 
r ~ 

1IIl:~ .. 1 ~_ .... 

0.1 1 10 100 1000 
Particle Size (Microns) 

1--- Particle Data --- Normal Dist. Curve I 



AppendixH 
MFIData 



Attachment H-l 
MFI Data-Del Mar Site 



DMTSS 

TOTAL SUSPENDED SOLIDS AND MODIFIED FOULING INDEX SPREADSHEET 
LAREDO ASR (DS) FILTER END WT: 0.0778 

7/11/97 (US) FILTER END WT: 0.0845 
DELMAR SITE 
TEST 1 TEMPERATURE: 37 C 
FILTERS # 59 (DS) AND #64 (US), STARTING WT 0.0831 
Notes:no tears in filters 

FLOW TOTAL TIMEITOTAL 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME VOLUME 
VOULME (ml) 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
5500 
6000 
6500 
7000 
7500 
8000 
8500 
9000 

MFI .. 
TSS Correction 
Temp Correction 
actual MFI = 

TIME (sec) 
44 
88 

135 
184 
235 
286 
340 
398 
460 
523 
600 
675 
763 
854 
950 

1070 
1190 
1317 

3.35 
0.741 

1.43 
3.55 

(sec) (psi) 
44 
44 
47 
49 
51 
51 
54 
58 
62 
63 
77 
75 
88 

179 
96 

120 
120 
127 

(mVsec) (L) (seelL) 
30 11 0.5 88 
30 11 1 88 
30 11 1.5 90 
30 11 2 92 
30 11 2.5 94 
30 10 3 95 
30 10 3.5 97 
30 10 4 tOO 
30 10 4.5 102 
30 10 5 105 
30 9 5.5 109 
30 9 6 113 
30 9 6.5 117 
30 8 7 122 
30 8 7.5 127 
30 7 8 134 
30 7 8.5 140 
30 7 9 146 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter ~ WI, then add that WI gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS = (ending WI· (starting WI· 0.0053»/Vol (L) x 1000 mgIL 

TSS= 0.74 mg/L 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTERSTARTWT: 
DEL MAR SITE FILTER END WT: 
TEST 1 
FILTER 1151, WT 0.0827 TEMPERATURE: 
Notes: Filter tom near end of test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME (ml) TIME (sec) (sec) (psi) (mVsec) 

500 30 30 30 
1000 61 31 30 
1500 92 31 30 
2000 125 33 30 
2500 160 35 30 
3000 195 35 30 
3500 232 37 30 
4000 272 40 30 
4500 313 41 30 
5000 357 44 30 
5500 403 46 30 
6000 455 52 30 
6500 510 55 30 
7000 572 62 30 
7500 641 69 30 
6000 719 76 30 
6500 604 85 30 
9000 899 95 30 
9500 966 69 30 

10000 1076 66 30 
10500 1166 90 30 
11000 1256 92 30 
11500 1352 94 30 
12000 1446 94 30 

MA= 2~ 

Temp Correction 1.43 
actual MFI = 3.66 

17 
16 
16 
16 
16 
15 
15 
15 
14 
14 
14 
13 
13 
12 
12 
11 
11 
10 
10 
9 
9 
9 
9 
6 

0.0827 
0.0846 

37 C 

TOTAL 

OM 1 

TIMEITOTAL 
VOLUME VOLUME 
(L) (seeIL) 

0.5 60 
1 61 

1.5 61 
2 63 

2.5 64 
3 65 

3.5 66 
4 66 

4.5 70 
5 71 

5.5 73 
6 76 

6.5 76 
7 62 

7.5 65 
6 90 

6.5 95 
9 100 

9.5 104 
10 106 

10.5 111 
11 114 

11.5 116 
12 121 

TSS calculation assumptions: Based on Del Mar test, assume all downstream fllters lost 0.0053g. 
If downstream fllter gained wt, then add that wt gain to the top fllter. 
Calculate total volume only up to pOint where fllter breaks (If applicable) 

TSS = (ending wt· (starting wt • 0.0053»/Vol (L) x 1000 mgIL 

TSS= 0.6 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTERSTARTWT: 
DEL MAR SITE FILTER END WT: 
TEST 2 
FILTER j# 52, WT 0.0830 TEMPERATURE: 
Notes: 

0.083 
0.0849 

37C 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME(ml) TIME (sec) (sec) (psi) (mllsec) 

500 28 28 30 18 
1000 59 31 30 17 
1500 94 35 30 16 
2000 128 34 30 16 
2500 164 36 30 15 
3000 201 37 30 15 
3500 241 40 30 15 
4000 282 41 30 14 
4500 326 44 30 14 
5000 373 47 30 13 
5500 426 53 30 13 
6000 485 59 30 12 
6500 548 63 30 12 
7000 620 72 30 11 
7500 704 84 30 11 
8000 794 90 30 .10 
8500 892 98 30 10 
9000 1001 109 30 9 
9500 1123 122 30 8 

10000 1252 129 30 8 

MFI= 2.92 
Temp Correction 1.43 
actual MFI = 4.18 

LaredoASR 

TOTAL TIMEITOTAL 
VOLUME VOLUME 
(L) (seeIL) 

0.5 56 
1 59 

1.5 63 
2 64 

2.5 66 
3 67 

3.5 69 
4 71 

4.5 72 
5 75 

5.5 77 
6 81 

6.5 84 
7 89 

7.5 94 
8 99 

8.5 105 
9 111 

9.5 118 
10 125 

TSS calculation assumptions: Based on Del Mar test, assume all downstream fllters lost 0.0053g. 
If downstream filter ~ wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS = (ending wt - (starting wt - 0.0053))/Vol (L) x 1000 mglL 

TSS= 0.72 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 
DEL MAR SITE 
TEST 3 
FILTER # 54, WT 0.0831 
Notes: filter broken at end of test 

CUMULATIVE ELAPSED 
VOULME (ml) TIME (sec) 

500 28 
1000 58 
1500 89 
2000 119 
2500 153 
3000 187 
3500 225 
4000 262 
4500 300 
5000 340 
5500 382 
6000 425 
7000 4n 
7500 527 
8000 584 
8500 644 
9000 710 
9500 782 

10500 866 
11000 918 

MFI; Not Calculated 
Temp Correctio 1.43 
actual MFI; 

INTERVAL 
(sec) 

28 
30 
31 
30 
34 
34 
38 
37 
38 
40 
42 
43 
52 
50 
57 
60 
66 
72 
84 
52 

FILTER START WT: 
FILTER END WT: 

TEMPERATURE: 

FLOW 
PRESSURE RATE 
(psi) (mVsec) 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

DM3 

0.0831 
0.0848 

37C 

TOTAL TIMEITOTAL 
VOLUME VOLUME 
(L) (sec/L) 

18 0.5 56 
17 1 58 
17 1.5 59 
17 2 60 
16 2.5 61 
16 3 62 
16 3.5 64 
15 4 66 
15 4.5 67 
15 5 68 
14 5.5 69 
14 6 71 
15 7 68 
14 7.5 70 
14 8 73 
13 8.5 76 
13 9 79 
12 9.5 82 
12 10.5 82 
12 11 83 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter ~ wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS ; (ending wt· (sterting wt· 0.0053))/Vol (L) x 1000 mglL 

TSS= 0.7 mgIL 
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Attachment H-2 
MFI Data-East corridor Site 



ECTSS 

TOTAL SUSPENDED SOLIDS AND MODIFIED FOULING INDEX SPREADSHEET 
LAREDO ASR (DS) FILTER END WT: 0.0815 

7/11/97 (US) FILTER END WT: 0.0827 
EAST CORRIDOR SITE 
TEST 1 TEMPERATURE: 32 C 
FILTERS # 29(ds) AND #33 (US), STARTING WT: 0.0812 
Notes: Both filters tom at end of test 

FLOW TOTAL TIMEITOTAL 
CUMULATIVE ELAPSED TIME INTERVAL 
VOULME(ml) 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
5500 

MFI= 
TSS Correction 
Temp Correctiol 
actual MFI = 

(sec) 
40 
82 

124 
167 
213 
259 
309 
362 
420 
485 
544 

1.5 
0.741 

1.28 
1.42 

(sec) 
40 
42 
42 
43 
46 
46 
50 
53 
58 
65 
59 

PRESSURE RATE . VOLUME VOLUME 
(psi) (mVsec) (L) (sec/L) 

30 13 0.5 
30 12 1 
30 12 1.5 
30 12 2 
30 12 2.5 
30 12 3 
30 11 3.5 . 
30 11 4 
30 11 4.5 
30 10 5 
30 10 5.5 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 

80 
82 
83 
84 
85 
86 
88 
91 
93 
97 
99 

If downstream filter ~ WI, then add that WI gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS = (ending WI • (starting WI • 0.0053»/vol (L) x 1000 mglL 

TSS= 1.42 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER START WT: 
EAST CORRIDOR SITE FILTER END WT: 
TEST 1 
FILTER 1145, WT 0.0771 TEMPERATURE: 
Noles: Filler 10m during lesl 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME(ml) TIME (sec) (sec) (psi) (mVsec) 

500 30 30 30 17 
1000 63 33 30 16 
1500 96 33 30 16 
2000 131 35 30 15 
2500 169 38 30 15 
3000 209 40 30 14 
3500 251 42 30 14 
4000 298 45 30 14 
4500 346 50 30 13 
5000 398 50 30 13 
5500 433 37 30 13 
8000 470 37 30 13 
7000 545 75 30 13 
7500 582 37 30 13 
8000 620 38 30 13 

MFI. 2.5 
Temp Correction 1.28 
actual MFI = 3.2 

0.0771 
0.0783 

32C 

TOTAL 

LaredoASR 

TIMEITOTAL 
VOLUME VOLUME 
(L) (sec/L) 

0.5 60 
1 63 

1.5 64 
2 66 

2.5 68 
3 70 

3.5 72 
4 74 

4.5 77 
5 79 

5.5 79 
6 78 
7 78 

7.5 78 
8 78 

TSS calculalion assumplions: Based on Del Mar lesl. assume all dawnslream fillers lasl 0.0053g. 
II downslream filler ~ wi, Ihen add Ihal wi gain 10 Ihe lop filter. 
Calculale lalal volume only up 10 poinl where filler breaks (if applicable) 

TSS = (ending wi - (slarting wI- 0.0053»)/vol (L) x 1000 mglL 

TSSz 1.3 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER STARTWT: 
EAST CORRIDOR SITE FILTER END WT: 
TEST 2 
FILTER #44, WT 0.0815 TEMPERATURE: 
Notes: Fmer tom during test after 6000 ml 

FLOW 
CUMULATIVE ELAPSED TIME INTERVAL PRESSURE RATE 
VOULME (ml) (sec) (sec) (psi) (mVsec) 

500 34 34 30 
1000 65 31 30 
1500 104 39 30 
2000 137 33 30 
2500 176 39 30 
3000 226 50 30 
3500 256 30 30 
4000 298 42 30 
4500 342 44 30 
5000 392 50 30 
5500 447 55 30 
6000 509 62 30 
6500 568 59 30 

MFI~ Not Calculated 
Temp Correction 1.28 
actual MFI. 

15 
15 
14 
15 
14 
13 
14 
13 
13 
13 
12 
12 
11 

0.0815 
0.0829 

32C 

TOTAL 

Laredo ASR 

TIMEITOTAL 
VOLUME VOLUME 
(L) (seelL) 

0.5 68 
1 65 

1.5 69 
2 69 

2.5 70 
3 75 

3.5 73 
4 75 

4.5 76 
5 78 

5.5 81 
6 85 

6.5 87 

TSS calculation assumptions: Based on Del Mar test, assume all downstream Imers lost 0.0053g. 
If downstream filter gained wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS ~ (ending wt - (starting wt - 0.0053))/Vol (L) x 1000 mgIL 

TSS= 1.12 mgIL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11197 FILTER START WT: 
EAST CORRIDOR SITE FILTER END WT: 
TEST 3 
FILTER # 42, WT 0.On3 TEMPERATURE: 
Notes: Filter tom during whole test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VQULME(ml) TIME (sec) ( •• c) (pal) (mV.ec) 

500 32 32 30 
1000 63 31 30 
1500 96 33 30 
2000 131 35 30 
2500 168 37 30 
3000 202 34 30 
3500 234 32 30 
4000 266 32 30 
4500 299 33 30 
5000 331 32 30 
5500 365 34 30 
6000 408 43 30 
6500 431 23 30 

MFI= Not Calculated 
Temp Correction 1 .28 
actual MFI = 

16 
16 
16 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

0.on3 
0.0780 

32C 

TOTAL 

EC3 

TIMEITOTAL 
VOLUME VOLUME 
(L) (aeeIL) 

0.5 64 
1 63 

1.5 64 
2 66 

2.5 67 
3 67 

3.5 67 
4 67 

4.5 66 
5 66 

5.5 66 
6 68 

6.5 66 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream fllter {I!!!!§g wt, then add that wt gain to the top fllter. 
Calcutate total volume only up to point where filter breaks (if applicable) 

TSS = (ending wt· (starting wt • 0.0053))/Vol (L) x 1000 mgIL 

TSS= 0.92 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER START WT: 
EAST CORRIDOR SITE FILTER END WT: 
TEST 4 
FilTER # 38. WT o.onl TEMPERATURE: 
Notes: Filter tom towards end of test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME (ml) TIME (sec) (sec) (psi) (mllsec) 

500 29 29 30 
1000 60 31 30 
1500 91 31 30 
2000 124 33 30 
2500 159 35 30 
3000 196 37 30 
3500 235 39 30 
4000 2n 42 30 
4500 324 47 30 
5000 378 54 30 
5500 442 64 30 
6000 488 46 30 
6500 531 43 30 

MFI= 2 
Temp Correctlor 1.28 
actual MFI = 2.56 

17 
17 
16 
16 
16 
15 
15 
14 
14 
13 
12 
12 
12 

o.oni 
0.0784 

32 C 

TOTAL 

Laredo ASR 

TIMEfTOTAL 
VOLUME VOLUME 
(l) (seell) 

0.5 58 
1 60 

1.5 61 
2 62 

2.5 64 
3 65 

3.5 67 
4 69 

4.5 72 
5 76 

5.5 80 
6 81 

6.5 82 

TSS calculation assumptions: Based on Del Mar test. assume all downstream filters lost 0.0053g. 
If downstream filter gained WI. then add that WI gain to the top filter. 
Calculate total volume only up to point where filter breaks (If applicable) 

TSS = (ending WI - (starting WI - 0.0053»/Vol (L) x 1000 mgiL 

TSS= 1.2 mg/L 
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Attachment H-3 
MFI Data-NW Storage Tank 



NW1 

MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER START WT: 0.07n 
NW STORAGE TANK FILTER END WT: 0.0809 
TEST 1 
FILTER 1/30, WT 0.on7 TEMPERATURE: 30C 
Notes: Filter tom near end of test 

FLOW TIMEITOTAL 
CUMULATIVE ELAPSED 
VOULME(ml) TIME (sec) 

500 32 
1000 67 
1500 101 
2000 138 
2500 176 
3000 216 
3500 258 
4000 302 
4500 347 
5000 395 
5500 446 
6000 501 
6500 560 
7000 626 
7500 699 
8000 782 
8500 830 
9000 881 

MFI_ Not Calculated 
Temp Correctlol 1.25 
actual MFI = 

INTERVAL 
(sec) 

32 
35 
34 
37 
38 
40 
42 
44 
45 
48 
51 
55 
59 
66 
73 
83 
48 
51 

PRESSURE RATE TOTAL VOLUME 
(psi) (mVsec) VOLUME (L) (sec/L) 

41 18 0.5 
41 15 1 
41 15 1.5 
41 14 2 
41 14 2.5 
41 14 3 
41 14 3.5 
41 13 4 
41 13 4.5 
41 13 5 
41 12 5.5 
41 12 6 
41 12 6.5 
41 11 7 
41 11 7.5 
41 10 8 
41 10 8.5 
41 10 9 

TSS calculation assumptions: Based on Del Mar test, assume all downstream IIHers lost 0.0053g. 
II downstream IlIter!lBlD!l! wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where Iilter breaks (ij applicable) 

TSS = (ending wt· (starting wt· 0.0053»1V01 (L) x 1000 mg/L 

TSS= 0.94 mgIL 

64 
67 
67 
69 
70 
72 
74 
76 
77 
79 
81 
84 
86 
89 
93 
98 
98 
98 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7111/97 
NW STORAGE TANK 
TEST 2 
FILTER 1136, WT 0.0816 
Notes: Filter tom near end of test 

CUMULATIVE ELAPSED 
VOULME (ml) TIME (sec) 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
5500 
6000 
6500 
7000 
7500 
8000 

MFI. 
Temp Correctio 
actual MFI. 

34 
71 

109 
149 
190 
232 
277 
324 
372 
423 
476 
536 
600 
675 
756 
850 

3.1 
1.25 
3.88 

INTERVAL 
(sec) 

34 
37 
38 
40 
41 
42 
45 
47 
48 
51 
53 
60 
64 
75 
81 
94 

FILTER START WT: 
FILTER END WT: 

TEMPERATURE: 

FLOW 
PRESSURE RATE 
(psi) (mllsec) 

41 15 
41 14 
41 14 
41 13 
41 13 
41 13 
41 13 
41 12 
41 12 
41 12 
41 12 
41 11 
41 11 
41 10 
41 10 
41 9 

NW2 

0.0816 
0.0845 

30C 

TOTAL TIMEfTOTAL 
VOLUME VOLUME 
(L) (seeIL) 

0.5 68 
1 71 

1.5 73 
2 75 

2.5 76 
3 77 

3.5 79 
4 81 

4.5 83 
5 85 

5.5 87 
6 89 

6.5 92 
7 96 

7.5 101 
8 106 

TSS calculation assumptions: Based on Del Mar lesl, assume all downstream fillers lost 0.0053g. 
If downstream filter lIIi!m!! wt, then add that wt gain to the top filter. 
Calculate total volume only up to poinl where filter breaks (if applicable) 

TSS = (ending wt· (starting wt· O.oo53»)/vol (L) x 1000 mglL 

TSS= 1.03 mgIL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER START WT: 
NW STORAGE TANK FILTER END WT: 
TEST 3 
FILTER 1127, WT 0.0773 TEMPERATURE: 
Notes: Filter tom near end of test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME (ml) TIME (sec) (sec) (psi) (mUsec) 

500 31 31 41 
1000 66 35 41 
1500 102 36 41 
2000 137 35 41 
2500 173 36 41 
3000 213 40 41 
3500 253 40 41 
4000 295 42 41 
4500 337 42 41 
5000 384 47 41 
5500 431 47 41 
6000 485 54 41 
6500 543 58 41 
7000 609 66 41 
7500 664 55 41 
8000 724 60 41 

MFI. 1.2 
Temp Corractio 1.25 
actual MFI. 1.50 

16 
15 
15 
15 
14 
14 
14 
14 
13 
13 
13 
12 
12 
11 
11 
11 

0.0773 
0.0801 

30C 

TOTAL TIMEITOTAL 
VOLUME VOLUME 
(L) (seelL) 

0.5 
1 

1.5 
2 

2.5 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

62 
66 
68 
69 
69 
71 
72 
74 
75 
77 
78 
81 
84 
87 
89 
91 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter gained wi, then add that WI gain to the top fitter. 

NW3 

Calculate total volume only up to point where filter breaks (if applicable) 

TSS a (ending WI - (starting WI - 0.0053»)lvol (L) x 1000 mgIL 

TSS= 1.01 mgIL 
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NWTSS 

TOTAl SUSPENDED SOLIDS AND MODIFIED FOULING INDEX SPREADSHEET 
LAREDO ASR (OS) FILTER END WT: o.om 

7/11/97 (US) FILTER END WT: 0.0790 
NW STORAGE TANK 
TEST 1 TEMPERATURE: 30 C 
FILTER' 32 (US) AND 25 (OS), STARTING WT 0.0771; 
Notes: Filter tom near end of test 

FLOW TOTAL TlMEITOTAL 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME VOLUME 
VOULME (ml) TIME (sec) 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
5500 
6000 
6500 
7000 
7500 

MFI= 
TSS Correction 
Temp Correctiol 
actual MFI = 

43 
88 

135 
182 
232 
283 
337 
396 
464 
535 
613 
701 
800 
919 

1069 

2.8 
0.741 

1.25 
2.59 

(sec) (psi) 
43 
45 
47 
47 
50 
51 
54 
59 
68 
71 
78 
88 
99 

119 
150 

(mVsec) (L) (seclL) 
41 12 0.5 86 
41 11 1 88 
41 11 1.5 90 
41 11 2 91 
41 11 2.5 93 
41 11 3 94 
41 10 3.5 96 
41 10 4 99 
41 10 4.5 103 
41 9 5 107 
41 9 5.5 111 
41 9 6 117 
41 8 6.5 123 
41 8 7 131 
41 7 7.5 143 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter 9!!!!!!1 WI, then add that WI gain to the top filter. 
Calculate total volume only up to point where filter breaks (il applicable) 

TSS = (ending WI· (starting WI· 0.0053))/vol (L) x 1000 mg/L 

TSS. 1.04 mg/L 
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Attachment H-4 
MFI Data-Jefferson Water Treatment Plant 



TOTAL SUSPENDED SOLIDS AND MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

JWTPTSS 

7/11/97 FILTER *40 END WT: 0.0777 
JEFFERSON WATER TREATMENT PLANT (JWTP) FILTER #43 END WT: 0.0772 
TSSTEST 1 
FILTERS # 40 (ds) and 43 (us) STARTING WT 0.0772, ENDING WT: TEMPERATURE: 30 C 
Notes: both filters tom around o-ring at 8000 ML 

FLOW TOTAL TIMEITOTAL 
CUMULATIVE ELAPSED TIME INTERVAL PRESSURE RATE VOLUME VOLUME 
VOULME (ml) (sec) (sec) (psi) (mVsec) (L) (sec/L) 

500 42 42 30 12 0.5 84 
1000 86 44 30 12 1 86 
1500 133 47 30 11 1.5 89 
2000 182 49 30 11 2 91 
2500 235 53 30 11 2.5 94 
3000 290 55 30 10 3 97 
3500 351 61 30 10 3.5 100 
4000 414 63 30 10 4 104 
4500 483 69 30 9 4.5 107 
5000 558 75 30 9 5 112 
5500 640 82 30 9 5.5 116 
6000 727 87 30 8 6 121 
6500 831 104 30 8 6.5 128 
7000 943 112 30 7 7 135 
7500 1075 132 30 7 7.5 143 
8000 1220 145 30 7 8 153 
8500 1300 80 30 7 8.5 153 
9000 1346 46 30 7 9 150 

MFla 5.12 
TSS correction x 0.741 
Temp Correctiol x 1.25 
Actual MFI 4.7424 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream lilter gained wi, then add that WI gain to the upstream Iilter ending WI 
Calculate total volume only up to point where filter breaks (il applicable) 

TSS = (ending wi - (starting WI - O.oo53»)lvol (L) x 1000 mgiL 

TSS. 1.36 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST 1 
FILTER /I 50, WT 0.0650 

FILTER START WT: 
FILTER END WT: 

TEMPERATURE: 30C 

Noles: fiHer nol prope~y seated In O-~ng, flow bypassing filter at some point In time 

0.085 
0.0853 

FLOW TOTAL TlMEITOTAL 
CUMULATIVE ELAPSED 
VOULME (ml) TIME (sec) 

100 
200 
300 
400 
600 
700 
800 
900 

1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2800 
3000 
3400 
3600 
3800 
4000 

PRESSURE RATE VOLUME VOLUME 
INTERVAL (psi) (mVsec) (L) (oeelL) 

7.9 7.9 30 13 0.1 
12 4.1 30 17 0.2 

18.5 8.5 30 16 0.3 
25.5 7 30 16 0.4 
36.6 13.1 30 16 0.6 
44.5 5.9 30 16 0.7 
50.7 6.2 30 16 0.6 

56 5.3 30 16 0.9 
62 6 30 16 1 
76 16 30 15 1.2 
90 12 30 16 1.4 

104 14 30 15 1.6 
117 13 30 15 1.8 
130 13 30 15 2 
145 15 30 15 2.2 
158 13 30 15 2.4 
173 15 30 15 2.6 
188 15 30 15 2.8 
202 14 30 15 3 
232 30 30 15 3.4 
245 13 30 15 3.6 
262 17 30 15 3.8 
277 15 30 14 4 

MFI; Not Calculated 
Temp Correction 
actual MFI; 

79 
60 
62 
64 
64 
64 
63 
62 
62 
65 
64 
65 
65 
65 
66 
66 
67 
67 
67 
68 
66 
69 
69 

JWTP 1 

TSS calculation assumptions: Based on Del Mar test, assume all downstream liHers lost 0.0053g. 
If downstream filter gained wi, then add that wi gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS ; (ending wi - (starling wi - 0.0053»/Vol (L) x 1000 mgIL 

TSS; 1.4 mgIL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST 2 
FILTER # 48, WT 0.0848 
Notes: test completed wIth filter Intact 

JWTP2 

FILTER START WT: 0.0848 
FILTER END WT: 0.0861 

TEMPERATURE: 30 C 

FLOW TOTAL TIMEITOTAL 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME VOLUME 
VOULME (ml) TIME (sec) (sec) (psI) (mllsec) (L) (seeIL) 

200 17 17 30 12 0.2 85 
400 31 14 30 13 0.4 78 
600 46 15 30 13 0.6 77 
800 60 14 30 13 0.8 75 

1000 76 16 30 13 1 76 
1200 91 15 30 13 1.2 76 
1400 105 14 30 13 1.4 75 
1600 120 15 30 13 1.6 75 
1800 136 16 30 13 1.8 76 
2000 151 15 30 13 2 76 
2200 168 17 30 13 2.2 76 
2400 184 16 30 13 2.4 77 
2600 200 16 30 13 2.6 77 
2800 217 17 30 13 2.8 78 
3000 233 16 30 13 3 78 

MFI= Not Calculated 
Temp Correction 
actual MFI = 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream fllter gained wi, then add that wi gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS = (endIng wi - (starting wi - 0.OO53»/Yol (L) x 1000 mg/L 

TSS= 2.2 mglL 

Page 1 

Jefferson Water Treatment Plant 
MFITest2 

86 

~ 
84 

82 .. 
E 80 
" ~ 78 

~ 76 

~ 
E 74 
t= 72 

70 
0.2 0.4 0.6 0.8 1 1.2 1.4 1.8 1.8 2 2.2 2.4 2.6 2.8 3 

Total Yolum. (L) 



JWTP4 

MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR FILTER START WT: 0.0772 

7/11/97 FILTER END WT: 0.0787 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST 3 TEMPERATURE: 30 C 
FILTER II 46, WT 0.0772 
Noles: 

FLOW TOTAL 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME 
VOULME (ml) TIME (sec) (sec) (psi) (mVsec) (L) 

500 31 31 30 16 
1000 65 34 30 15 
1500 102 37 30 15 
2000 137 35 30 15 
3000 212 75 30 14 
3500 251 39 30 14 
4000 289 38 30 14 
4500 329 40 30 14 
5000 371 42 30 13 
5500 412 41 30 13 
6000 454 42 30 13 
6500 496 42 30 13 
7000 541 45 30 13 
7500 587 46 30 13 
8000 631 44 30 13 
8500 679 48 30 13 
9000 725 46 30 12 

MFI= 
Temp Correction 
aclual MFI = 

1.57 
1.25 
1.96 

0.5 
1 

1.5 
2 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

8.5 
9 

TIMEITOTAL 
VOLUME 
(seeIL) 

62 
65 
68 
69 
71 
72 
72 
73 
74 
75 
76 
76 
77 
78 
79 
80 
81 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.00539. 
If downstream filter ~ wi, then add that wi gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS = (ending wI- (starting wI- 0.OO53))/Vol (L) x 1000 mglL 

TSS= 0.76 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7111/97 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST 3 
FILTER # 47, WT 0.0891 

FILTER START WT: 
FILTER END WT: 

TEMPERATURE: 

Notes: filter tore all the way around o-ring between 7000mland 7500ml 
FLOW TOTAL 

CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME 
VOULME (ml) TIME (sec) (sec) 

500 37 
1000 75 
1500 115 
2000 155 
2500 199 
3000 242 
3500 290 
4000 339 
4500 393 
5000 452 
5500 515 
6000 582 
6500 656 
7000 730 
7500 785 
8000 842 

MFI= 
Temp Correction 
actual MFI = 

2.82 
1.25 

3.525 

(psi) (ml/sec) (L) 
37 30 14 
38 30 13 
40 30 13 
40 30 13 
44 30 13 
43 30 12 
48 30 12 
49 30 12 
54 30 11 
59 30 11 
63 30 11 
67 30 10 
74 30 10 
74 30 10 
55 30 10 
57 30 10 

0.5 
1 

1.5 
2 

2.5 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

30C 

JWTP3 

0.0891 
0.0909 

TIMEITOTAL 
VOLUME 
(seC/L) 

74 
75 
77 
78 
80 
81 
83 
85 
87 
90 
94 
97 

101 
104 
105 
105 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter gained wi, then add that wi gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS = (ending wi - (starting wi - 0.0053))/Vol (L) x 1000 mgt In mgIL 

TSS= 1.01 mgIL 
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